The effects of gibberellin pre -treatment on postharvest cut flower quality of three Asiatic hybrid lily cultivars ('Vermeer', 'Vivaldi' and 'Marseille') were investigated. Lily stems were harvested when the first flower bud showed full color, and treated with either GA 3 or GA 4+7 by placing them in growth regulator solutions (100 or 500 ppm) for 20 hrs at 20°C. A whole stem (leaf and bud) spray with 100 ppm each GA 4+7 and BA (Promalin) was also tested. After the treatments, a set of plants was transferred to a postharvest evaluation room (22°C, 15 µmol m -2 s -1 fluorescent light (12 hr/day)). Another set of plants was held in water at 3°C for 2 weeks in darkness before transferring to the postharvest room. In the postharvest room, stems were held in vase solutions containing 3% sucrose and 200 ppm 8-hydroxyquinoline citrate. In general, gibberellin treatments increased inflorescence longevity and reduced the occurrence of leaf chlorosis. At 100 ppm, GA 4+7 was more effective in preventing leaf chlorosis than GA 3 in all cultivars. However, GA 4+7 at 500 ppm caused severe leaf and bud damage to all cultivars. Spray treatment of GA 4+7 and BA was as effective as the 100 ppm pulse treatment in preventing l eaf chlorosis and increasing inflorescence longevity. Cold storage of flower stems accelerated leaf chlorosis and reduced inflorescence longevity in 'Vermeer' and 'Marseille', but no significant effect of cold storage was evident in 'Vivaldi'. Gibberellin treatments prevented leaf chlorosis and increased flower longevity of cold-stored stems in a similar fashion that was observed in non-cold-stored stems.
INTRODUCTION
The postharvest quality of cut lilies is dependent on many factors such as the cultivar, preharvest conditions, stage of harvest, and postharvest environment and handling. The longevity of the inflorescence (determined by the opening of the buds and longevity of flowers) and the appearance of the foliage are important quality parameters of cut lilies. The vase life of a cut stem terminates when the last open flower wilts, and in most cases, lower leaves of the stem are already beginning to develop chlorosis at this stage. Therefore, it is important to make sure that the quality of foliage is maintained when attempting to increase the inflorescence longevity.
Several investigations on Asiatic hybrid lily cultivars have shown that the vase life (flower longevity) can be significantly improved by adding sucrose (around 3%), and a germicide (such as 8-hydroxyquinoline citrate) to the vase solution (Nowak and Mynett, 1985 a; Lee and Suh 1996) . Studies also indicate that the inflorescence life could be prolonged by GA 3 when incorporated in pulsing solutions or vase solutions (Nowak and Mynett, 1985 b; Song et al, 1996) . Concentrations in the range of 100 to 2000 ppm (as a pulse) or 10-50 ppm (in the vase solution) have been used successfully in Asiatic lilies. Although quantitative assessment was not made, these studies have indicated that the foliage remains green in GA 3 -treated stems.
Our previous research has demonstrated that whole plant sprays of GA 4+7 significantly improved postharvest leaf quality of cold-stored pot hybrid lilies (Ranwala and Miller, 1998; Ranwala and Miller 1999 a) . Similar effects of GA 4+7 have been seen in Easter lilies both during production (Ranwala and Miller, 1999 b) and postproduction (Han, 1997) . These treatments also increased flower longevity significantly in hybrid lilies (Ranwala and Miller, 1998) , an effect known since Kelly and Schlamp (1964) . We found that GA 4+7 is much more effective than GA 3 in preventing leaf chlorosis. These results warrant an investigation of the possible use GA 4+7 as an agent to improve quality of cut lilies.
The objective of this study was to investigate the effects of gibberellin (GA 3 and GA 4+7 ) pre-treatments as a pulse or spray on postharvest flower and leaf quality of three Asiatic hybrid lily cultivars.
MATERIALS AND METHODS
Three Asiatic hybrid lily (Lilium sp) cultivars ('Vermeer', 'Vivaldi' and 'Marseille') were used in this study. Bulbs (12 to 14 cm) were planted into bulb crates using a commercial potting mix (MetroMix 360), and grown in a glass greenhouse at Cornell University. All plants received full natural sunlight in the greenhouse. A set point temperature of 22/18 °C (vent/heat) was used during the experiment. Plants were fertilized at each watering with a mixture containing 20N-4.4P-16.6K at 200 ppm N, alternated with calcium nitrate plus potassium nitrate at the concentration of 200 ppm each of N and K.
When the first flower bud of the inflorescence showed full color, stems were cut at the soil level. Leaves up to 15 cm from the cut end were removed, and stems were recut under water before growth regulator treatments. Growth regulator formulations, ProGibb (4% GA 3 ), ProVide (2% GA 4+7 ) and Promalin (1.8% GA 4+7 and 1.8% BA) were obtained from Abbott Laboratories, North Chicago, IL, U.S.A. Growth regulators were diluted in distilled water to give the indicated concentrations. For the spray treatment, the spray solution contained 0.1% Tween 20 (polyoxyethylene sorbitan monolaurate) as a surfactant. Pulsing treatments were carried out for 20 hrs at 20°C. The following growth regulator treatments were applied: 1. Control (pulsing in water) 2. Pulsing in 100 ppm GA 3 (Pro-Gibb) 3. Pulsing in 500 ppm GA 3 (Pri-Gibb) 4. Pulsing in 100 ppm GA 4+7 (ProVide) 5. Pulsing in 500 ppm GA 4+7 (ProVide) 6. The whole stem (foliage and flower buds) was sprayed with a 100 ppm each GA 4+7 and BA (Promalin) solution after the harvest, allowed to dry for 2 hrs, then pulsed in water After the treatments, a set of plants from each treatment was transferred to a postharvest evaluation room (22° ± 1.0 C, 15 µmol m -2 s -1 fluorescent light (12 hr/day)). Another set of plants was held in distilled water at 3°C for 2 weeks in darkness before transferring to the postharvest room. In the postharvest room, stems were placed in 1-L glass jars containing 600 mL of vase solution containing 3% sucrose and 200 ppm 8 -hydroxyquinoline citrate. In the case of cold-stored stems, they were recut under water before placing in vase solution. During the postharvest evaluation phase, the number of chlorotic or senescent leaves was recorded at weekly intervals. A leaf was considered chlorotic if more than 20% of the leaf area was yellow. The inflorescence longevity (time of wilting of the last open flower of the inflorescence) was also recorded.
The percentage chlorotic or senescent leaves and inflorescence longevity data were subjected to analysis of variance according to completely randomized design with eight replicates (stems) per treatment. Percentage data were arcsin transformed before analysis. Mean separation was done according to Duncan's multiple range test.
RESULTS AND DISCUSSION
After about 7 days in the postharvest room, leaves of cut stems started to develop chlorosis beginning from lowermost leaves. After 14 days, 20-30% of the leaves were either chlorotic or necrotic depending on the cultivar (Table 1) . Gibberellin treatments reduced the occurrence of leaf chlorosis all three cultivars. Although both GA 3 and GA 4+7 prevented leaf yellowing, at a given concentration (e.g.100 ppm), GA 4+7 was more effective than GA 3 in all cultivars. However, pulsing GA 4+7 at 500 ppm concentration caused severe leaf and bud damage to all cultivars. Within 2-3 days in the postharvest room, the foliage appeared burnt or necrotic. In 'Marseille' and 'Vermeer', the whole leaf became necrotic while in 'Vivaldi' only leaf margins were necrotic. In all cultivars, flower buds failed to open in the 500 ppm GA 4+7 treatment. It is possible that this phytotoxicity may be caused by ingredients other than GA 4+7 in the growth regulator formulation, which should be tested with pure chemicals. Spray treatment of GA 4+7 and BA was as effective as the 100 ppm pulse treatment in preventing leaf chlorosis. The same rate was very effective in completely preventing leaf chlorosis and abscission in potted 'Stargazer' oriental lilies (Ranwala and Miller, 1998) .
Cold storage of flower stems intensified leaf chlorosis in 'Vermeer' and 'Marseille', but had not with 'Vivaldi' ( Table 2 ). The acceleration of leaf chlorosis by cold-storage is well known in pot oriental lilies (Ranwala and Miller, 1998) , Easter lilies (Han 1997) and LA-hybrid lilies (Funnell and Heins (1998) . We have also seen significant differences in sensitivity to cold storage among different oriental and LA-hybrid cultivars grown as pot plants (A.P. Ranwala and W.B.Miller, unpublished data). Gibberellin treatments prevented leaf chlorosis of cold-stored stems in a similar fashion that was observed in non-cold-stored stems ( Table 2) .
The inflorescence life span was prolonged by gibberellin treatments (Tables 3 and 4 ). For example, in 'Vermeer', the inflorescence life increased by 5 days (45% increase) with 100 ppm GA 4+7 pulse treatment. Cold storage reduced inflorescence longevity significantly. 'Vivaldi' was the exception in this case too. Similar to the beneficial effects on leaf chlorosis, GA 4+7 was more effective than GA 3 in prolonging inflorescence longevity at a given concentration, especially in cold-stored stems (Table 4 ). The increased inflorescence longevity was caused both by the delayed bud opening and increased longevity of individual flowers.
Our research clearly indicates the possibility of using GA 4+7 as a chemical agent for improving postharvest performance of cut lilies. The beneficial effects are more pronounced if stems are cold-stored, in which case leaf and flower senescence occurs rapidly. Pulsing as well as spraying seems to be equally effective application methods of GA 4+7 . Care should be taken on the concentration of pulsing solution as well as the duration of pulsing due to the potential phytotoxicity of higher doses. More research is needed to determine optimum concentrations effective for different cultivars and other possible application methods such as inclusion in the vase solutions. 
